1. Introduction {#sec1}
===============

Driven by the concern of severe global climate change associated with greenhouse gas emission and other pollutions, many governments have started to set new rules to encourage the use of an electric vehicle (EV) instead of the internal combustion system.^[@ref1]^ Lithium-ion batteries (LIBs) are mainly considered as an alternative efficient power source for the current and future energy requirements, especially automobile (EV, PEV) and grid-level storage. High-energy LIBs depend on high capacity electrode materials. It is obvious that not only the cathode but the anode also plays a vital role in improving the overall energy density of a cell. Reversible intercalation-based chemistry mainly operates the current LIB technology with a versatile graphite anode owing to its low lithium insertion potential, negligible volume expansion, and excellent stability, and it is safer than that of lithium metal. However, the limited theoretical specific capacity (372 mA h g^--1^ for LiC~6~) makes it difficult to achieve the ever-growing energy demands.^[@ref2]^ Electrochemical conversion and alloying electrodes such as mixed metal oxide/sulfides, silicon, germanium, and tin also get significant importance because of their high theoretical specific capacities as well as comparatively low alloying potential versus metallic lithium. Nevertheless, the high irreversible lithium loss at the initial cycle, poor conductivity, significant volume expansion, and the consequent electrode pulverization lead to inferior electrochemical performances.^[@ref3]−[@ref5]^ Besides, partially graphitized hard carbon has also been explored as an anode in LIBs; however, the large surface area and high irreversible lithium loss at the initial cycle restrict its usage for practical applications.^[@ref6],[@ref7]^ Indeed, it is wise to alter the properties of the graphite anode to improve the power and energy densities without losing its advantage. Many efforts have already been explored to enhance the performance of graphite such as partial exfoliation, graphene/graphite, graphite--metal/metal-oxide/meta-fluorides composites, and silicon--graphite.^[@ref8]−[@ref12]^

Similar to advanced rechargeable battery systems, nonrechargeable batteries, for instance, alkaline, Zn/carbon/MnO~2~, also get equal attention, especially for portable domestic household appliances. Worldwide, more than 60 and 31 billion of alkaline Zn/MnO~2~ and dry Zn/carbon cells have been consumed annually for intermittent power supply because of their low cost. Among them, 95% of dead primary cells are landfilled or incinerated in most of the countries because of the poor economic benefit of recycling.^[@ref13]^ Besides, such disposal of heavy metals such as Zn (15--20 wt %) and Mn (35--45 wt %) containing spent batteries cause severe environmental as well as health issues.^[@ref14]^ The Zn/carbon battery contains graphite as the cathode current collector, carbon, and MnO~2~ mixture moistured with ammonium chloride/KCl as an electrolyte packed in a Zn anode container. The high concentration of value-added metals, for instance, Zn and Mn present in the primary cells, also get industrial interest; however, it requires a cost-effective and straightforward recycling process.

Of late, numerous efforts have been devoted to the second life of primarily exhausted EV batteries and recycling or recovery of value-added secondary raw materials (from both primary and secondary cells). Such a process helps to reduce the risk and negative environmental impact at the end of life.^[@ref1]^ The complete recycling rate of secondary LIBs is growing at a fast pace and reach approximately 50%. Likewise, sealed primary battery recycling also gets significant importance owing to the high consumption and disposal rate. Also, all the components of the primary cell have an option for value-added secondary raw materials for different applications. Many methods, such as pyrometallurgy, hydrometallurgy, and bioleaching, have widely been applied so far, and most of them mainly deal with effective recovery alone.^[@ref15]^ Among them, citric acid-assisted hydrometallurgical leaching is considered as a cost-effective and environmentally sustainable process.^[@ref1]^ The metal and metal oxides recovered from the spent battery have a broad scope in steel industries, especially as an alloying additive and corrosion protective coatings. Besides, such materials have also been applied as a catalyst for organic pollutants.^[@ref16],[@ref17]^ The mixed metal oxides (ZnMn~2~O~4~) recovered from the dry Zn/carbon battery have successfully been employed as a conversion anode for LIBs.^[@ref14]^ Similarly, the carbon paste obtained from the spent dry batteries has been used as a desulfurization material along with the clay binder for the effective removal of toxic and corrosive hydrogen sulfide pollutants from the biogas.^[@ref18]^ Recently, graphite recovery also gets substantial importance due to its vast applications, and high demand, which is expected to be more than 4% for the forthcoming years.^[@ref19]^ Recycling of graphite from the expired battery is widely proposed to be a potential alternative method to overcome such demand.^[@ref20]^ So far, no detailed studies are available for the graphite recovery and their application from the dead sealed dry cells.

Herein, the defected graphite flakes synthesized by the electrochemical exfoliation of the graphite rod recovered from the spent primary battery have been employed as an anode for LIBs. The lithiation performance of exfoliated graphitic carbon has been studied systematically in half-cell configuration, and the performance was compared with a battery-grade bulk graphite material. The exfoliated carbon sample delivers a stable discharge capacity of 448 mA h g^--1^ with superior reversibility, which is 20.4% higher than that of the theoretical specific capacity of commercial graphite. This study investigates the reason behind the higher reversible capacity of exfoliated graphite/graphene and their feasibility toward high energy applications in detail.

2. Results and Discussion {#sec2}
=========================

The surface morphologies of carbon materials obtained from the electrochemical oxidation of the spent graphite rod were studied by high-resolution scanning electron microscopy (SEM) and transmission electron microscopy (TEM), as shown in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}. The basal and edge planes of the exfoliated material shown in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}a contains small domains of fused graphite-like flakes and granules, which are shown clearly in the expanded view ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}b). It is apparent that the crumbling and folding of carbon nanosheets during the electrochemical process. [Figure S1a](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf) shows low magnification images of electrochemically chapped graphite flakes, which differentiates from the large domains of unexfoliated and bulk graphite sheets ([Figure S1b,c](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf)). The quality of the material has further been evaluated by TEM analysis, which demonstrates the existence of transparent carbon nanosheets at the submicrometer scale ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}c). Besides, the bundle (inset of [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}c), as well as wrinkled graphene-like sheets ([Figure S1d](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf)), have also been observed randomly, which further infers few to multilayer in nature. The interlayer spacing was calculated from the lattice fringe ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}d and inset) and found to be 0.34 nm. During the electrochemical process, the surface oxidation also takes place over the graphite/graphene nanosheets and tends to enlarge the d spacing. Besides, the ample space helps to reduce the lithium diffusion barrier and enhance more lithium accommodation.^[@ref21]^ The finely ground unexfoliated as well as bulk graphite display flakes similar to a dense phase along with multilayered nanosheets in TEM ([Figure S1e,f](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf)), implying that the sample contains both graphite and few-layered graphene owing to the mechanical event. The scanning TEM--energy dispersive spectroscopic analysis (STEM--EDS) helps to calculate the percentage of carbon and oxygen present in the exfoliated sample. The distribution of individual elements has been mapped and shown in [Figure S2](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf), where the mapping was carried out for the first frame of the image.

![FE-SEM images (a,b) and TEM images (c,d) of electrochemically exfoliated carbon (inset: high magnification, selected area electron diffraction pattern).](ao0c01270_0001){#fig1}

The typical X-ray diffraction (XRD) pattern of an exfoliated/oxidized graphite material shown in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}a exhibits a sharp and intense peak similar to graphite (graphite-2H: JCPDS no. 90-006-0800). The main peak at 2θ ≈ 26.58° is indexed to the diffraction pattern of the {002} plane, which attributes to the three-dimensionally reticulated aromatic layers of carbon and the interlayer spacing, *d*~002~ is 0.335 nm. The condensed aromatic carbon layers show the characteristic reflection at around 42.3° designated to the {100} plane. Interestingly, both the exfoliated and finely ground graphite rod ([Figure S3](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf)) display no significant difference in the peak position as compared to the bulk graphite; however, two additional peaks have been noticed, especially for the recovered graphite materials at low 2θ. The inset figure indicates the existence of four peaks between 40 and 50° for the graphite sample. The diffraction peaks obtained at 42.3 and 44.5° are related to the hexagonal phase of {100} and {101} planes and dominated in the exfoliated sample. However, the commercial graphite has shown an additional low intense broad peak at 43.4° corresponding to the rhombohedral phase of the same plane {101\*}, which is absent in exfoliated carbon. Park et al. reported that the rhombohedral phase exists in graphite, facilitating lithium plating instead of insertion, especially at low temperatures.^[@ref22]^ Hence, the absence of such a phase in the exfoliated sample may give such additional advantages, mainly from the intercalation of alkali ions. No significant difference in the peak position, especially the {002} plane, has been observed in the exfoliated sample, which might be consistent with the higher concentration of the graphite domain. Besides, the significant peak broadening shown in the inset figure correlates to the decreasing particle size during the electrochemical oxidation process.

![As-measured powder XRD (a) and Raman spectra (b) of the oxidized graphite (red) and the bulk graphite (black) (inset: high magnification).](ao0c01270_0002){#fig2}

The Raman spectra of the exfoliated material, as well as graphite, are shown in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}b. As depicted in this figure, the exfoliated material shows three sharp peaks at 1352, 1580, and 2714 cm^--1^ related to D, G, and 2D bands, respectively. In contrast, graphite shows two characteristic G and 2D band, which arises from the strong in-plane stretching (E~2g~) of sp^2^ carbon and their second-order overtone, respectively. Graphite shows a less intense defect-induced D band at 1352 cm^--1^ related to the breathing mode (A~2g~) vibration, whereas such defect is well-pronounced in the exfoliated sample. The degree of structural disorder or sp^2^ defect (*I*~D~/*I*~G~) increased to 0.71 for exfoliated material from 0.12 for graphite.^[@ref23],[@ref24]^ The inset figure displays the selected region, magnified view of the exfoliated material along with fitting, which shows the existence of D′ band at 1612 cm^--1^ originating from the structural defect. Besides, the nature of the defect present in the exfoliated material has been identified according to the previous report.^[@ref25]^ The integrated areal intensity ratio between D′ and D is found to be 0.29 (*A*~D′~/*A*~D~), which mainly correlates the existence of grain boundary defects. Besides, the additional second-order defect is observed in an exfoliated sample at around 2940 cm^--1^ (D + D′). The intensity ratio between the G and 2D band (*I*~G~/*I*~2D~) varying from 2.288 for parent graphite to 1.717 for the exfoliated sample has further ensured the multilayer exfoliation.

[Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}a shows the Fourier transform infrared (FTIR) spectra of an oxidized graphite material, which helps to probe the functional group generation during the electrochemical oxidation process. As seen from this figure, the oxidized sample shows a more intense peak than that of graphite. Both the materials exhibit the characteristic in-plane vibration of aromatic C=C stretching at 1630 cm^--1^ and CH~2~ bending vibration at 1440 cm^--1^. The multiple peaks observed between 1000 and 1350 cm^--1^ may be related to C--O stretching for different functional groups, where the oxidized graphite shows a well-pronounced intensity.^[@ref26],[@ref27]^ Similarly, the sharp peak observed at 1735 cm^--1^ might be related to the C=O stretching of the −COOH group present at the edge of the oxidized carbon sheet. The C--OH stretching is also observed at 1220 cm^--1^. The robust broadband noted at 3050--3400 cm^--1^ is corresponding to the existence of hydrogen-bonded OH stretching, which is very weak for graphite.

![(a) FT-IR spectra and (b) thermogravimetric curve of graphite and electrochemically exfoliated graphite.](ao0c01270_0003){#fig3}

Besides, the thermal stability of the oxidized material and bulk graphite has been studied from room temperature to 900 °C under oxygen, at a heating rate of 10 °C min^--1^, shown in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}b. The battery-grade graphite exhibits slight weight loss ≈ 2.5 wt % related to the removal of adsorbed species, including volatile impurities; after that, an abrupt weight loss is observed corresponding to the complete oxidation of carbon. However, the partially oxidized sample shows two distinct weight loss regions, similar to the graphite/graphene oxide. The first weight loss at below 300 °C is corresponding to the removal of adsorbed moisture and labile oxygen functionalities, later on, the drastic loss related to the characteristic decomposition of carbon along with the stable oxygen-containing functional groups.^[@ref28]^ Compared to battery-grade bulk graphite, the oxidized sample recovered from spent graphite shows 6.6 wt % of the residue after burning under an oxygen atmosphere. Furthermore, the traces of impurities present in the carbon material have been analyzed with the wavelength dispersive X-ray fluorescence (XRF) spectrometer. [Figure S4](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf) shows the XRF spectrum, which confirms the existence of metallic impurities,^[@ref29],[@ref30]^ and their weight fractions are tabulated in [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}. The significantly lower concentration impurity does not affect the electrochemical performances. Because of the instrument limitation, the exact percentage of carbon and oxygen present in the oxidized sample is unable to be determined. However, the STEM--EDS analysis proves that the sample contains 86.16 and 13.65 atom % of carbon and oxygen, respectively. Further, the change in the specific surface area and the porosity were studied for electrochemically oxidized graphite flakes using nitrogen adsorption/desorption isotherms and shown in [Figure S5](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf). For comparison, the bulk graphite has also considered, and interestingly, both the materials follow typical type IV isotherms.

###### Chemical Composition (wt %) of the Element Present in the Electrochemically Exfoliated Graphite Recovered from Spent Graphite

  ---------- ------ ------ ------ ------ ------ ------ ----------- ----------- -----------
  elements   Fe     Si     Al     Ca     K      Ti     Ni          Zn          Mg
  wt %       3.32   2.74   1.66   0.49   0.47   0.32   853 (ppm)   603 (ppm)   362 (ppm)
  ---------- ------ ------ ------ ------ ------ ------ ----------- ----------- -----------

As expected, a significant increment in the specific surface area has also been observed for the oxidized sample in the range of 8.5 m^2^ g^--1^, whereas the bulk graphite shows the 5.2 m^2^ g^--1^. Similarly, a slight improvement in the pore volume is noticed for the defected sample 0.037 and 0.026 cm^3^ g^--1^ for graphite, which suggests that the electrochemically chapped sample has a large portion of graphite domains with significant improvement.

The electrochemical lithiation ability of the partially oxidized graphite material obtained from the spent graphite rod and the pristine bulk graphite is shown in [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}. The first five consecutive cycles of cyclic voltammograms recorded for both types of graphitic material at a scan rate of 0.1 mV s^--1^ between 0.01 and 3.0 V are shown in [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}a,b, respectively. The partially oxidized material has shown a broad peak at around 0.67 V during the first cathodic sweep related to the electrolyte decomposition followed by solid the electrolyte interface (SEI) formation, which disappears in the later successive cycles confirming the stability of SEI. Graphite has also shown such a stable SEI plateau at the same voltage during the initial cycle ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}b). Interestingly, the defected graphite shows sharp lithium insertion/extraction peaks as graphite at below 0.2/0.35 V with good reversibility. Besides, the peak intensity increases gradually during the first three cycles, which stabilizes in later cycles is also observed for both the materials. As confirmed with Raman analysis, the defects present at the edge of oxidized carbon materials are highly reactive and generating some reactive pores that are responsible for the additional reversible capacity.^[@ref31]^ Such a trend was observed in the electrochemically defected graphite sample, as shown in the inset figure ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}b) for different stages of lithium insertion at below 0.2 V, as well as additional lithiation/delithiation at higher voltages.

![Comparison of CV curves (a) electrochemically exfoliated graphite and (b) bulk graphite at a scan rate of 0.1 mV s^--1^ (inset: selected region magnified view).](ao0c01270_0004){#fig4}

[Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}a shows the galvanostatic charge/discharge comparison profile of the formation cycle recorded at 0.1 C (1 C = 372 mA h g^--1^) from the open-circuit voltage where both the materials underwent typical lithium insertion and extraction at below 0.25 V within the carbon moiety. During the initial lithiation process, a broad plateau is observed at 0.67 V, corresponding to the SEI formation, which is absent in the second subsequent cycle confirming its stability. Interestingly, the oxidized material follows the same trend of lithium insertion/extraction as graphite, indicating the presence of graphitic domains in the exfoliates. Besides, two additional peaks associated with lithium insertion/removal at high voltages has been observed for the oxidized graphite, and they are possibly related to the uptake of ions over the graphene-like phase as well as the defects that exist in the carbon matrix. A similar kind of peaks has also observed for graphene, exfoliated in NMP. The absence of such defects and additional lithiation ability limit the specific capacity of graphite. Another important consideration of the anode toward practical application is the initial Coulombic efficiency (ICE), and the typical electrode should possess more than 80% of reversibility in the first cycle. The graphite anode shows the ICE of about 82.0%, whereas the exfoliated material exhibits 77.7% of reversibility, and the additional lithium loss might be related to the surface defects. However, the Coulombic efficiency is substantially exceeding to above 99% within three cycles and retain for all the studied cycles. [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}b shows capacity retention as a function of cycle number along with respective Coulombic efficiencies at a 0.2 C rate for graphite and defected graphite materials. The graphite material initially delivered a specific capacity of 311 mA h g^--1^ and decreased to 265 mA h g^--1^ for the studied 150 cycles with 85% capacity retention. Interestingly, the oxidized graphite exhibits a high reversible capacity of 448 and 464 mA h g^--1^ at the 150th, 1st cycles, with 96% retention. Ultrasonically exfoliated graphite also shows a similar kind of performance, and the excess capacity is related to the contribution of lithium located at the edge and surface of the graphitic moiety.^[@ref32]^ The obtained specific capacity and cycling stability are significantly more superior than that of the previously reported graphite anode recovered from spent batteries.^[@ref9],[@ref33]^ The selected cycling profile is shown in [Figure S6](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf) also supports its excellent reversibility without any deviation in the multistage lithium shuttling. Although the initial lithium loss is slightly excess in the formation cycle, the oxidized sample exhibits nearly 50% higher average reversible capacity than graphite at the same current rate with superior cycling stability. The normalized differential specific capacity, coupled with the galvanostatic charge/discharge profile obtained at 0.2 C, is shown in [Figure S7](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf). As demonstrated in this figure, the electrochemically oxidized graphite also undergoes step-by-step lithium insertion/extraction at lower voltage similar to the graphite anode, and the exact lithiation peaks are found at 0.182, 0.101, and 0.06 V corresponding to the formation of graphite intercalation compounds such as LiC~36~, LiC~12~, and LiC~6~, respectively. Similarly, the deintercalation plateaus were observed at 0.107, 0.148, and 0.239 V related to the conversion of LiC~6~ to LiC~18~ and lithium diluted LiC~36~ and LiC~72~ phase.^[@ref2]^ Besides, the defected graphite shows two additional peaks at around ∼1.2 and 2.5 V, which could be related to the formation of the lithium dense LiC~3~ phase.^[@ref32]^

![Galvanostatic lithiation/delithiation profile of first two cycles at 0.1 C (a), comparison of life-cycle study at 0.2 C (b), rate performance (c), and EIS before and after cycling along with fitting (d). \[Bulk graphite (red), electrochemically exfoliated graphite (blue)\].](ao0c01270_0005){#fig5}

The rate retention ability of both the materials has been evaluated by subjecting to different C rates from 0.1 to 2 C and then switched back to a low C rate where the cell was cycled 10 times at each C rate. As shown in [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}c, the specified cell containing the oxidized graphite electrode has initially subjected to 0.1 C, which delivers a specific discharge capacity of about 525 mA h g^--1^, whereas the graphite anode exhibits 334 mA h g^--1^. When the C rates are increased to 0.2, 0.5, 1.0, and 2.0 C, the respective the specific capacities are decreased to 467, 421, 337, and 234 mA h g^--1^ for defected carbon and 306, 262, 201, and 135 mA h g^--1^ for the graphite anode. More interestingly, the oxidized graphite retains its specific capacity of about 327, 391, and 462 mA h g^--1^ while the same cell switched back to 1.0, 0.5, and 0.2 C, respectively. Similarly, the graphite has also recovered 206, 254, and 285 mA h g^--1^ at the same specified rate. [Figure S8](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf) shows the cycling profile obtained at different C rates, which reveals that the oxidized graphite material experiences severe polarization compared to bulk graphite, especially at high current rates. The increased polarizability may be related to the formation of thick SEI and significantly lower conductivity due to the existence of the defects.^[@ref21]^

The electrochemical impedance spectroscopy (EIS) study also performed to understand the improved electrochemical performance of oxidized graphite is shown in [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}d. As seen in this Nyquist plot, both the sample exhibits two depressed semicircles with partial overlapping from a high to medium frequency range followed by low-frequency inclined slopping line related to Warburg (*W*) lithium diffusion. As compared to graphite, defected graphite exhibits a slightly higher solution resistance (*R*~s~) around 4.8 Ω, and the charge transfer resistance (*R*~ct~) is 58.5 Ω before cycling. The increased solution resistance could be related to lower conductivity arising from the defect or breaking of symmetry, reducing the crystallite size, and the formation of the new functional groups during the electrochemical process. Likewise, the graphite shows *R*~s~ and *R*~ct~ about 3.7 and 38.1 Ω, respectively, at the initial state. After the steady-state cycling performance, the solution resistance slightly reduces because of the improved wetting of electrodes. However, the *R*~ct~ reduces drastically owing to the formation of ionically conductive stable SEI during the initial lithiation process, which could also be confirmed by the lithiation/de-lithiation efficiencies from the second cycle onward. All the Nyquist plots obtained before and after cycling have been fitted with fitting software (NOVA). The generated Randles equivalent circuit is shown in [Figure S9](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf), composed of *R*~s~, *R*~f(SEI)~, *R*~ct~, constant phase element (*Q*), and *W*.

3. Conclusions {#sec3}
==============

The present study summarizes the application of electrochemically oxidized graphitic carbon recovered from expired Zn/carbon cell's graphite, as a high capacity lithiation anode. The diffraction pattern of the oxidized material shows no significant difference in the peak position compared to graphite, but the Raman spectrum confirms the existence of grain boundary defects. Besides, the synthesized material exhibits a high reversible capacity of about 464 mA h g^--1^ after 150 cycles at 0.2 C with superior retention of 96%, which is ∼50% higher capacity than that of commercial bulk graphite. The excess capacity might be derived from the presence of defected graphene-like multilayered carbon nanosheets, which facilitates the formation of the lithium-rich LiC~3~ phase. The peaks observed in the CV and charge/discharge profiles at higher voltage also support such phase formation by dual-side accommodation of ions.

4. Experimental Section {#sec4}
=======================

4.1. Electrochemical Exfoliation of the Graphite Rod {#sec4.1}
----------------------------------------------------

The expired Panasonic neo-D cells were collected locally (Thailand) and used for the electrochemical synthesis of the graphitic carbon material, as reported earlier.^[@ref34]^ Briefly, the cell case was dismantled carefully, then collecting the carbon rod followed by a wash with deionized water to remove the other impurities such as metal oxides and electrolytes. The atmospherically dried graphitic carbon rod was employed for the electrochemical treatment, by stacking the graphite rod vertically with a distance of 7 cm in ultrapure Milli-Q water (18.2 MΩ cm). A static potential of 30 V was applied directly to the system for a stipulated period of 150 h under very slow stirring. During the experiment, the solution was turned to a brown gradually, after that to a dark black in color at the end of the reaction, which indicates that the graphite rod slowly corrodes by the oxidation water, over the time the interlayer bonding was weakened and broken to narrow domains. Such partially oxidized, discrete graphite flakes and carbon dots obtained in the experiment were separated by the centrifuge method followed by Milli-Q water, ethanol wash, and dried at 60 °C.

4.2. Physico-Chemical Characterization {#sec4.2}
--------------------------------------

The surface morphology of the synthesized material was characterized using a field-emission scanning electron microscope (JEOL JSM-7610-F) and a high-resolution transmission electron microscope (JEOL JEM-ARM200F). The powder diffraction pattern of the sample was obtained with the Bruker (D8 advance) X-ray diffractometer using the Cu X-ray source (1.5406 Å) with a Ni-filter. The laser Raman spectra of the synthesized sample were collected using the dispersive Raman spectrometer (SENTERRA, Bruker) using 532 nm as an excitation wavelength. The specific surface area of the material was carried out by employing the BELSORP-mini (MicrotracBEL Corp.), where the material was degassed at 120 °C for 12 h before the analysis. The impurity present in the exfoliated material was studied with the Linseis thermogravimetric analyzer (STA PT1600) under an oxygen atmosphere.

4.3. Electrochemical Characterization {#sec4.3}
-------------------------------------

A standard CR-2032-coin type cell was employed to analyze the electrochemical performance of partially oxidized graphite flakes derived from spent primary cells against metallic lithium. The uniform slurry was prepared in NMP solvent by mixing the active material with conductive carbon (TIMCAL) and PVDF binder (Sigma-Aldrich) at 80:10:10 wt % and followed by coating over the degreased copper foil. The electrodes were dried under vacuum at 120 °C, calendered, and cut into a small disc. The active material loading in the range of 3.5--4.0 mg (with an average thickness of 30--33 μm) was chosen for electrochemical studies. To compare the electrochemical performance, commercial graphite (Sigma-Aldrich) was also coated separately. During the coin cell fabrication (MBRAUN, UNILAB containing \<0.1% H~2~O and O~2~ level), the electrolyte (1.0 M LiPF~6~ in an equivolume mixture of EC/DEC)-drenched polypropylene separator was placed between the working electrode and lithium metal. The cyclic voltammogram performance was measured using Autolab workstation (PGSTAT 101) in the voltage range of 3.0--0.01 V versus Li^+^/Li. Similarly, the galvanostatic charge/discharge cycling performance was performed by employing the Neware (GN-4008-SCT) life cycle tester. Furthermore, EIS measurements were carried out before and after galvanostatic cycling with Autolab workstation in the frequency ranges of 100 kHz to 10 mHz with an ac perturbation of 10 mV.

The Supporting Information is available free of charge at [https://pubs.acs.org/doi/10.1021/acsomega.0c01270](https://pubs.acs.org/doi/10.1021/acsomega.0c01270?goto=supporting-info).STEM--EDS mapping, galvanostatic charge/discharge profiles, and specific differential capacity concern to lithiation potential, especially at the lower voltage ([PDF](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c01270/suppl_file/ao0c01270_si_001.pdf))
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